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The equations of motion for the Standard Model Effective Field Theory (SMEFT) differ from those
in the Standard Model. Corrections due to local contact operators modify the equations of motion
and impact matching results at sub-leading order in the operator expansion. As a consequence, a
matching coefficient in L(n) (for operators of dimension n) can be dependent on the basis choice for
L(m<n). We report the SMEFT equations of motion with corrections due to L(5,6). We demonstrate
the effect of these corrections when matching to sub-leading order by considering the interpretation
of recently reported B → K(∗)`+`− lepton universality anomalies in the SMEFT.
I. Introduction. When physics beyond the Stan-
dard Model (SM) is present at scales Λ >
√
2 〈H†H〉 =
v¯T , the SM can be extended into an effective field theory
(EFT). Such an EFT can be constructed with two fur-
ther defining assumptions: no light hidden states in the
spectrum with couplings to the SM; and a SU(2)L scalar
doublet with hypercharge yh = 1/2 being present in the
EFT. The resulting Standard Model Effective Field The-
ory (SMEFT) extends the SM with higher dimensional
operators Q(d)i of mass dimension d:
LSMEFT = LSM + L(5) + L(6) + L(7) + . . . , (1)
L(d) =
∑
i
C
(d)
i
Λd−4
Q(d)i for d > 4.
The operators Q
(d)
i are suppressed by d − 4 powers of
the cut-off scale Λ and the C
(d)
i are the Wilson coeffi-
cients. We use the non-redundant L(6) Warsaw basis [1],
which removed some redundancies (see also [2]) in the
overcomplete basis of Ref. [3].
The exact size of the SMEFT expansion parameters:
v2T /Λ
2 < 1, p2/Λ2 < 1 (p2 stands for a general dimension
two kinematic Lorentz invariant, v2T is the modified Higgs
potential1), are unknown and modified by the C
(d)
i . As
a result when deviations from the SM are interpreted
in the SMEFT formalism, sub-leading results and loop
corrections are sometimes of interest in interpreting a
experimental result.
To perform a matching to a non-redundant operator
basis for L(d), it is usually required to know the Equa-
tions of Motion (EOM), including possible SMEFT cor-
rections due to L(n<d). In this paper, we report the EOM
for the SMEFT including corrections due to L(5,6) and
demonstrate the utility of these results in some examples.
1 In the SMEFT, the Higgs scalar doublet potential is modified
by the inclusion of the operator QH = (H†H)3 yielding a new
minimum 〈H†H〉 = v2
2
(1 + 3CHv
2
4λ
) = 1
2
v2T , see Ref. [4]
A partial discussion concerning corrections of this form
has recently appeared in literature in Refs. [5, 6]. Ref. [5]
discusses EOM corrections to matching results of the see-
saw model to sub-leading order, while Ref. [6] discusses
the importance of these corrections to matching between
the SMEFT and the low-energy EFT where some Stan-
dard Model particles are integrated out.
II. Notation and conventions. The SM La-
grangian [7–9] notation is fixed to be
LSM = −1
4
GAµνG
Aµν − 1
4
W IµνW
Iµν − 1
4
BµνB
µν , (2)
+
∑
ψ
ψ i /Dψ + (DµH)
†(DµH)− λ
(
H†H − 1
2
v2
)2
−
[
H†jd Yd qj + H˜†juYu qj +H†je Ye `j + h.c.
]
,
where ψ = {q, `, u, d, e} are four component Dirac spinors
that transform as {2,2,1,1,1} under SU(2)L. The
fermion fields q and ` are left-handed fields and transform
as (1/2, 0) under the restricted Lorentz group SO+(3, 1).
The u, d and e are right-handed fields and transform
as (0, 1/2). The chiral projectors have the convention
ψL/R = PL/R ψ where PR/L = (1± γ5) /2. The gauge
covariant derivative is defined with a positive sign con-
vention Dµ = ∂µ + ig3T
AAAµ + ig2t
IW Iµ + ig1yiBµ. yi is
the UY(1) hypercharge generator. The SUc(3) generators
(TA) are defined with normalization Tr(TATB) = 2δAB
and finally tI = τ I/2 are the SUL(2) generators, with
τ I the Pauli matrices. H˜j = jkH
? k where the SUL(2)
invariant tensor jk is defined by 12 = 1 and jk = −kj .
At times we raise or lower this index in notation for clar-
ity on index sums. The flavour indices are suppressed
in Eqn. (2), the fermion mass matrices are defined as
Mu,d,e = Yu,d,e v/
√
2 with Yu,d,e,Mu,d,e each ⊂ C3×3 in
flavour space. Our conventions are consistent with the
SMEFT review [10] and further notational conventions
are defined in the Appendix.
The leading correction to the SM violates Lepton num-
ber due to its operator dimension [11, 12]. We use for L(5)
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2the non-Hermitian operator [13, 14]
Q(5)mn =
(
`c,m H˜?
)(
H˜† `n
)
, (3)
with spinor conventions defined as follows. The c su-
perscript corresponds to a charge conjugated Dirac four-
component spinor ψc = Cψ
T
with C = −iγ2 γ0 in the
chiral basis for the γi we use. The star superscript is
reserved for complex conjugation operation that is ap-
plied to bosonic quantities. As chiral projection and c do
not commute we fix notation that `c denotes a doublet
lepton field chirally projected and subsequently charge
conjugated.
III. Formalism for EOM to sub-leading order.
The SMEFT Lagrangian is composed of a series of d di-
mensional operators in L(d). Counting the independent
operators in a non-redundant operator basis for L(d) can
be performed efficiently using the results of Refs. [15–18].
Reducing a basis to a non-redundant form using the
EOM is related to the possibility to perform gauge in-
dependent field redefinitions that satisfy the equivalence
theorem of S-matrix elements [19–22]. The full set of all
possible SU(3)c × SU(2)L ×U(1)Y preserving small field
redefinitions on the SM fields, collectively denoted F , up
to order d, can be denoted
F → F ′ +
d∑
i=1
ci
(Oi
Λi
)
, (4)
with O,F ′ both transforming as F under SU(3)c ×
SU(2)L × U(1)Y and subject to dim[F ] = dim[Oi] −
dim[Λi]. Redefining the field variables with a specific
sequence of the full set of F transformations, a non-
redundant basis can be defined by choosing ci to can-
cel the largest set of operators possible in an overcom-
plete basis.2. For a more thorough discussion on field re-
definitions and the removal of redundant operators, see
Ref. [10].
Consistency conditions result from this procedure.
Some of these conditions are the EOM relations between
operators of different bases. Another consequence is that
the higher dimensional operators play a role in the renor-
malization group evolution of the Lagrangian parameters
of dimension d ≤ 4. For the Warsaw basis, the RG run-
ning results of this form were reported in Ref. [23].
In this paper we address another set of consistency
conditions, the modifications of the EOM in a particular
2 At L(5) only Q(5)mn (and its Hermitian conjugate) are present.
It is interesting to note that, equivalently, for dim[Λi] = 1, no
factorization of Oi is possible into a field variable transforming
as F while Oi/F is composed of dynamical (SMEFT symmetry
preserving) fields.
operator basis. Once LSMEFT is defined up to dimen-
sion (n), when considering matching up to this canon-
ical dimension, the higher dimensional operators them-
selves correct the SM EOM due to operators of dimen-
sion m < n. This results in matching results at dimen-
sion (n) having a subtle dependence on basis choice at
order m < n. This effect comes about as the field vari-
ables themsleves are redefined in the EFT when defining
a non-redundant operator basis.
The EOM for the SMEFT, as in the SM, are defined
by the condition that the variation of the action with
respect to the fields vanishes (δS = 0), where
S =
∫
LSMEFT (F , DµF) d4x, (5)
resulting in
0 =
∫
d4x
[
∂LSMEFT
∂F δF − ∂µ(
∂LSMEFT
∂(∂µF) ) δF
]
, (6)
where the surface term given by
∂µ
(
∂LSMEFT
∂(∂µF) δF
)
, (7)
vanishes. The surface term vanishes up to an accuracy
dictated by the power counting of the SMEFT to order
(d), as this is the accuracy to which the field variables are
defined. The surface term and variation are defined by a
partial derivative. At low orders in the operator dimen-
sion expansion of LSMEFT the EOM terms are simpli-
fied into a form with covariant derivatives in the adjoint
and fundamental representations due to renormalizabil-
ity. This simplification is present in the SM EOM, but
is not present in the SMEFT EOM corrections in some
cases, as shown below.
IV. SMEFT EOM. We use the Hermitian deriva-
tive conventions and integration by parts identity
H† i
←→
D µH = iH
†(DµH)− i(DµH)†H, (8)
H† i
←→
D IµH = iH
†τ I(DµH)− i(DµH)†τ IH, (9)
QH2 + 4QHD = (H† i←→D µH)(H† i←→D µH). (10)
The currents of the SM fields are defined as
jAµ =
∑
ψ=u,d,q
ψ TAγµψ , (11)
jIµ =
1
2
q τ Iγµq +
1
2
` τ Iγµ`+
1
2
H† i
←→
D IµH, (12)
jµ =
∑
ψ=u,d,q,e,`
ψ yiγµψ +
1
2
H† i
←→
D µH. (13)
3Corrections to the SM EOM gauge fields are
[Dµ, Gµν ]
A
= g3 j
A
ν + g3
∞∑
d=5
∆
A,(d)
G,ν
Λd−4
,
[Dµ,Wµν ]
I
= g2j
I
ν + g2
∞∑
d=5
∆
I,(d)
W,ν
Λd−4
,
DµBµν = g1jν + g1
∞∑
d=5
∆
(d)
B,ν
Λd−4
. (14)
∆(6) here contains the full set of corrections to each field’s
EOM, due to the complete Warsaw basis of L(6) opera-
tors. These corrections are reported in the Appendix.
The covariant derivatives for an operator Q in the ad-
joint representations of SU(2) and SU(3) are
[Dµ,Q]I = ∂µQI − g2 JKIWµJQK , (15)
[Dµ,Q]A = ∂µQA − g3 fBCAAµBQC . (16)
Corrections to the SM EOM for the fermions are of the
form (colour indices are suppressed)
i /D qjm = u
n [Yu]
?
nm H˜
j + dn [Yd]
?
nmH
j +
∞∑
d=5
∆
j,(d)
q,m
Λd−4
,
i /D `jm = [Ye]
?
nm e
nHj +
∞∑
d=5
∆
j,(d)
`,m
Λd−4
,
i /D dm = [Yd]mn q
j
nH
†
j +
∞∑
d=5
∆
(d)
d,m
Λd−4
,
i /D um = [Yu]mn q
n
j H˜
† j +
∞∑
d=5
∆
(d)
u,m
Λd−4
,
i /D em = [Ye]mn `
n
jH
† j +
∞∑
d=5
∆
(d)
e,κ
Λd−4
. (17)
The modifications of the Higgs EOM in the SMEFT are
D2Hj = λv2Hj − 2λ(H†H)Hj − qnk [Yu]?mn umkj ,
− dn[Yd]nmqjm − en[Ye]nm`m,j +
∞∑
d=5
∆
j,(d)
H
Λd−4
.(18)
The corrections for L(5) using Eqn. 3 are
∆
j,(5)
`,m = −2C(5) ?nm H˜j
(
H˜T `cn
)
, (19)
∆
j,(5)
H = −C(5) ?nm jk
[
`mk (H˜
T `cn) + (`
mH˜) `c,kn
]
(20)
V. Matching examples As an illustrative set of ex-
amples of matching using the SMEFT EOM, we consider
the interpretation of anomalous measurements of B →
K(∗)`+`− lepton universality ratios for `m={1,2} = {e, µ}
[24, 25] which have shown some minor tension with the
SM predictions. Such anomalies could signal physics be-
yond the SM3 that induce the L(6) operators
Q(1)lq
mmsb
= (¯`mγ
µ`m)(s¯γµb), (21)
Q(3)lq
mmsb
= (¯`m τ
I γµ`m)(s¯ τI γµb). (22)
The operators and anomalies of interest can come about
by matching at tree level to L(6) the effect of fields de-
noted as {ζ, β,W,U2, χ} (using the notation of Ref. [26]),
for example. These fields have the {SU(3),SU(2)}UY(1)
representations, with the spin of each field given as a
superscript
{(3, 3)0−1/3, (1, 1)10, (1, 3)10, (3, 1)1/22/3, (3, 3)1/22/3}. (23)
The field ζ leads to the baryon number violating oper-
ator Qqqq, indicating a very small matching coefficient.
In addition, the operators Q(1,3)qq ,Q(1,3)`q are also induced
in a tree level matching. Since ζ is a scalar field, the
low-momentum expansion of a scalar propagator intro-
duces a dependence on the momentum p flowing through
the scalar propagator at subleading order- i.e., p2/m4ζ ,
which can be reduced using EOM. The first irreducible
corrections appear only at L(10).
The heavy vector fields {β,W} are more interesting
when considering EOM corrections in L(8)SMEFT . Con-
sider the singlet field β, with a bare mass introduced via
the Stueckelberg mechanism [27], as encoded in a Proca
Lagrangian. The β field is coupled to the SM through
Lβint = −gRHβ βµH†i
←→
D µH + g
IH
β β
µ∂µ(H
†H),
− ∑
ψ={`,q,e,d,u}
gmnβ ψ β
µ ψ¯mγµψn. (24)
Here gRHβ and g
IH
β are real and imaginary components
of the coupling of the β field to the non-Hermitian scalar
currentH†iDµH. Integrating out β gives the L(6) Wilson
coefficients
C
(1)
Hψ1
mp
= −gRHβ gψ1mp, Cψ1 ψ2
mpst
= −gmpβψ1 g
ψ2
st , (25)
directly, here ψ1 6= ψ2, in the case of ψ1 = ψ2, a fur-
ther factor of two is present in Cψ1 ψ2 . When using the
Warsaw basis to define the matching to L(6), products
of currents are reduced with the EOM and integration
by parts. The latter is used to simplify the pure Higgs
currents into
CH2 = −
(gRHβ )
2
2
+
(gIHβ )
2
2
CHD = −2 (gRHβ )2. (26)
3 These anomalies could also be statistical fluctuations, as in-
dicated by their global (in)significance. Here our interest in
these anomalies only extends to an illustrative example of EOM
SMEFT effects.
4FIG. 1: The black box indicates the small momentum expansion of the propagator β in terms of local operators. The EOM
matching correction of a singlet field (1, 1)0 is then indicated as a filled circle on the field.
These matching results have been verified against the
comprehensive tree-level matching dictionary given in
Ref. [26].
In addition, the following products of currents are also
reduced with the EOM
L(6)β ⊃
1
m2β
gRHβ g
IH
β (H
†i
←→
D µH) ∂
µ(H†H),
+
gIHβ
m2β
∂µ(H
†H)
∑
ψ={`,q,e,d,u}
gmnβ ψ ψ¯mγ
µψn. (27)
This generates the Wilson coefficients
CeH
pr
= −igIHβ
(
[Ye]
?
rp g
RH
β − [Ye]?rm gpmβ,` + [Ye]?mp gmrβ,e
)
,
CdH
pr
= −igIHβ
(
[Yd]
?
rp g
RH
β − [Yd]?rm gpmβ,q + [Yd]?mp gmrβ,d
)
,
CuH
pr
= −igIHβ
(
[Yu]
?
rp g
RH
β − [Yu]?rm gpmβq + [Yu]?mp gmrβu
)
,
(28)
and their Hermitian conjugates. EOM corrections due to
L(6) are introduced into the matching due to this proce-
dure. In general a very large number of L(8) matching
corrections are introduced in the SMEFT, as can be di-
rectly verified.
These matching contributions are non-intuitive (for the
authors). They correspond to the effect of redefining the
field variables to fix the operator basis at O(1/Λ2) in con-
junction to tree level matching, as illustrated in Fig. 1.
It is interesting to note that for this reason, the standard
naive example of expanding a massive vector propagator
in p2/m2 to obtain a series of local contact operators to
introduce the idea of EFT, is quite an incomplete descrip-
tion of the physics defining the SMEFT at sub-leading
order.4
Restricting our attention to the corrections due to the
4 Of course, other effects at sub-leading order also exist, including
the expansion of the matrix elements in the power counting. This
point, consistent with the content of this work, and Refs. [5, 6]
was recently stressed by Ref. [28]. In addition, Ref. [28] [v1]
mischaracterizes the content and claims of this work and Ref.[6],
as any reader can directly confirm.
FIG. 2: Feynman diagram with the scaling of couplings ob-
tained in the EOM correction. Note the necessary presence
of a light internal intermediate propagating state.
operator in Eqn. (21) one finds the matching corrections
L(8)β ⊃
igIHβ g
mn
β`
m4β
[
C
(1)
`q
npst
J`mp,µ − C(1)`q
pmst
J`pn,µ
]
Jq,µst H
†H,
+
igIHβ g
mn
β q
m4β
[
C
(1)
`q
stnp
Jqmp,µ − C(1)`q
stpm
Jqpn,µ
]
J`,µst H
†H.
(29)
Definition of Jψpr, µ is given by A.33 in the Appendix.
The scaling of these matching contributions with cou-
plings to β are also non-intuitive. A directly constructed
Feynman diagram with this coupling scaling involves two
intermediate β fields and an internal propagator of the
light states retained in the SMEFT, as shown in Fig. 2.
The light intermediate state propagator leads to the lack
of a local operator in the low momentum limit defining
the SMEFT. Corrections with this coupling dependence
are nevertheless still present as local contact operators in
the SMEFT, they come about due to the contributions
illustrated in Fig. 1.
The presence of an explicit factor of i in Eqn. (29) indi-
cates that the decomposition of the Wilson coefficient of
the operator into real and imaginary components leads to
the cancellation of some terms symmetric in the flavour
indices. Recall that the flavour indices that are bi-linear
in the same field of a self Hermitian operator can be de-
composed into a real symmetric Spr (CP-even) and real
anti-symmetric Apr (CP-odd) dependence as
Cpr = Spr + iApr. (30)
The anti-symmetric components of the Hermitian oper-
ator’s Wilson coefficient do not cancel in the case con-
5sidered, but the symmetric components do cancel. Such
cancellations occur as the derivative terms reduced with
the EOM in defining the Warsaw basis act on bi-linear
currents with the same fermion field. As the B meson
anomalies are associated with flavour diagonal lepton in-
teractions, but off-diagonal quark flavour indices, the sec-
ond term in Eqn. 29 survives for case of the β field lead-
ing to these anomalies with a CP-odd phase. This effect
comes about directly when the β field is promoted to a
complex singlet vector field.
The EOM effects at sub-leading order due to the heavy
fieldW are similar. The interaction Lagrangian with the
SM fields is then
2LWint = −gRHW WµI H†i
←→
D IµH + g
IH
W WµI ∂µ(H†τ IH),
− ∑
ψ={`,q}
gmnWψWµI ψ¯mτ I γµψn, (31)
leading to the contact operators
L(6)W ⊃
1
4m2W
gRHW g
IH
W (H
†i
←→
D IµH) ∂
µ(H†τ IH),
+
gIHW
4m2W
∂µ(H†τ IH)
∑
ψ={`,q}
gmnWψ ψ¯mτ
Iγµψn, (32)
This results in corrections to L(8)W due to the field W,
which include the operator in Eqns. (22). The matching
is analogous to the form in Eqn. (29) with the opera-
tors Q
(3)
`q replacing the operators Q
(1)
`q . In addition, the
normalization differs by a factor of 4.
The fermion fields {U2, χ} do not lead to an EOM re-
duction in L(6) when using the Warsaw basis. As such,
they do not induce non-intuitive corrections through the
EOM of this form. This result is due to the particu-
lar representations that these fermion fields carry and
is not general. For example, integrating out a singlet
fermion field in Ref. [5] leads to sub-leading corrections
at L(7) due to EOM reductions of L(6) when considering
the matching of the minimal seesaw model to LSMEFT .
VI. Conclusions In this paper we have determined
the corrections due to L(5) and L(6) to the SMEFT equa-
tions of motion. These corrections introduce a depen-
dence on the operator basis defined at dimension L(6)
when matching to L(7), or higher orders. Incorporating
EOM corrections can be essential to correctly determine
matching to sub-leading order in the SMEFT. We have il-
lustrated these effects in some simple matching examples
using the B meson anomalies as motivation.
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6Appendix
We use the notation
Jψ µpr = ψpγ
µψr, J
ψ,I, µ
pr = ψpγ
µ τ I ψr, J
ψ,A, µ
pr = ψpγ
µ TA ψr, (A.33)
Cµνψ1ψ2F
pr,g
= Cψ1F
pr
ψ2,pσµνGψ1,rH + h.c., C˜µνψ1ψ2F
pr,g
= Cψ1F
pr
ψ2,pσµνGψ1,rH˜ + h.c., (A.34)
with (g,G) = {( , I), (I, τ I), (A, TA)} for more compact expressions.
Throughout the paper, we use the following convention for the subscripts to denote quantum numbers. SU(3)c indices
are {α, β, ρ} and the corresponding generator indices are {A,B,C,D,E}. The SU(2) indices are represented by
{i, j, k, l, o} and its generator indices by {I, J,K,R, S}. The Lorentz indices are represented by the Greek letters
{µ, ν, γ, φ} and lastly the flavor (fermion family) indices are denoted by {p, r, s, t,m, n} .
The corrections due to L(6) in the ”Warsaw” basis for the Higgs EOM are
∆
j,(6)
H = 3CH(H
†H)2Hj +
∑
F={W,B,G}
(
CHF H
jFµνF
µν + CHF˜ H
jF˜µνF
µν
)
+
∑
F={W,W˜}
CHFB (τIH)
jF IµνB
µν ,
+
(
CuG
pr
qp,kσµνT
Aur
kj + C?dG
pr
drσµνT
Aqjp
)
GµνA +
(
C?eB
pr
erσ
µν`jp + CuB
pr
qp,kσµνur
kj + C?dB
pr
drσµν q
j
p
)
Bµν ,
+
(
C?eW
pr
erσ
µντI`
j
p + CuW
pr
qp,kσµντ
Iur
kj + C?dW
pr
drσµντIq
j
p
)
W Iµν + CeH
pr
Hj `perH + C
?
eH
pr
Hj (erH
†`p),
+ C?eH
pr
(H†H) er`jp + CdH
pr
Hj
(
qpdrH
)
+ C?dH
pr
Hj (H†drqp) + C?dH
pr
(H†H) drqjp + CuH
pr
Hj
(
qpurH˜
)
,
+ C?uH
pr
Hj (H˜†urqp) + CuH
pr
(H†H)qp,kur
kj + 2i(DµH
j)
∑
ψ={e,u,d}
CHψ
pr
Jψ µpr + 2i(DµH
j)
∑
ψ={`,q}
C
(1)
Hψ
pr
Jψ µpr ,
+ C
(1)
H`
pr
Hj [Ye]
?
mr(`pe
mH)− C(1)H`
pr
Hj [Ye]sp(H
†es`r) + C
(1)
Hq
pr
Hj [Yu]
?
mr(qpu
mH˜)− C(1)Hq
pr
Hj [Yu]mp(umq
rH˜†),
+ C
(1)
Hq
pr
Hj [Yd]
?
mr(qpd
mH)− C(1)Hq
pr
Hj [Yd]mp(H
† dmqr) + CHe
pr
Hj [Ye]rm(H
†ep`m)− CHe
pr
Hj [Ye]
?
pm(`
m
Her),
+ CHu
pr
Hj [Yu]rm(H˜
†up qm)− CHu
pr
Hj [Yu]
?
pm(q
mH˜ur) + CHd
pr
Hj [Yd]rm(H
†dpqm)− CHd
pr
Hj [Yd]
?
pm(q
mHdr),
+ i C
(3)
H`
pr
[{τI , Dµ}H]j J`,I, µpr + i C(3)H`
pr
(τIH)
j∂µ J
`,I, µ
pr + i C
(3)
Hq
pr
[{τI , Dµ}H]j Jq,I, µpr + i C(3)Hq
pr
(τIH)
j∂µ J
q,I, µ
pr ,
+ i C?Hud
pr
(DµH˜)
j(drγ
µup) + i C?Hud
pr
H˜j∂µ (drγ
µup)− i C?Hud
pr
(DµH)
†
k
kj(drγ
µup) + 2CH2H
j2(H†H),
− CHD
[
(DµH)j (H†
←→
D µH) +H
j∂µ(H†
−→
DµH)
]
. (A.35)
The corrections to the fermion EOM due to the B number conserving L(6) operators are
∆(6,B)e,m = −C?eH
pm
(H†H)H† `p − CHe
mp
(H†i
←→
D µH)γ
µep − C?eW
pm
σµνH† τI`pW Iµν − C?eB
pm
σµνH† `pBµν ,
− 2C ee
mprs
γµep J
e µ
rs − C eumprsγµep J
uµ
rs − C ed
mprs
γµep J
d µ
rs − C `e
prms
γµes J
` µ
pr − C qeprmsγµes J
q µ
pr ,
− C?`edq
pmst
(`p, j)(qt
j ds)− C(1),?`equ
pmst
(`jp) jk (ut q
k
s )− C(3),?`equ
pmst
σµν`
j
p jk (ut σ
µνqks ), (A.36)
∆
(6,B)
d,m = −C?dH
pm
H† (H†H)qp − CHd
mp
(H†i
←→
D µH)γ
µdp + C
?
Hud
mp
i
[
(DµH)
†H˜
]
γµup − C?dW
pm
σµνH† τIqpW Iµν ,
− C?dB
pm
σµνH† qpBµν − C?dG
pm
σµνH† TA qpGAµν − C dd
mprs
γµdp J
d µ
rs − C dd
rsmp
γµdp J
d µ
rs − C ed
rsmp
γµdp J
e µ
rs ,
− C(1)ud
rsmp
γµdp J
uµ
rs − C `d
stmp
γµ dpJ
` µ
st − C(8)ud
rsmp
γµ TA dp J
u,A, µ
rs − C(1)qd
stmp
γµ dpJ
q µ
st − C(8)qd
stmp
γµ TA dp J
q,A, µ
st ,
− C `edq
stmp
qp, j (`s
j
et)− C(1),?quqd
stpm
(ut q
j
s) jk q
k
p − C(8),?quqd
stpm
(ut T
A qjs) jk TA q
k
p , (A.37)
7∆(6,B)u,m = −C?uH
pm
(H†H) H˜† qp − CHu
mp
(H†i
←→
D µH)γ
µup − CHud
mp
i(H˜†DµH)γµdp − C?uW
pm
σµνH˜† τIqpW Iµν ,
− C?uB
pm
σµνH˜† qpBµν − C?uG
pm
σµνH˜† TA qpGAµν − C uumprsγµup J
uµ
rs − C uursmpγµup J
uµ
rs − C eursmpγµup J
e µ
rs ,
− C(1)ud
mprs
γµup J
d µ
rs − C `u
stmp
γµ up J
` µ
st − C(8)ud
mprs
γµ TA up J
d,A, µ
rs − C(1)qu
stmp
γµ upJ
q µ
st − C(8)qu
stmp
γµ TA upJ
q,A, µ
st ,
− C(1),?quqd
pmst
(dt q
k
s ) jk q
j
p − C(8),?quqd
pmst
(dt TA q
k
s ) jk T
A qjp − C(1),?`equ
stpm
(qkp) jk (et `
j
s)− C(3),?`equ
stpm
(σµν q
k
p) jk (et σ
µν`js),
(A.38)
∆
(6,B),j
`,m = −CeH
mp
(H†H)epHj − CeW
mp
σµν ep τI H
jW Iµν − CeB
mp
σµν epH
j Bµν − C(1)H`
mp
(H†i
←→
D µH)γ
µ`jp,
− C(3)H`
mp
(H†i
←→
D IµH)γ
µτI `
j
p − C ``
mpst
γµ`
j
p J
` µ
st − C ``
stmp
γµ`
j
p J
` µ
st − C(1)`q
mpst
γµ`
j
p J
q µ
st − C(3)`q
mpst
γµ τI `
j
p J
q I µ
st ,
− C `e
mpst
γµ`
j
p J
e µ
st − C `u
mpst
γµ`
j
p J
uµ
st − C `d
mpst
γµ`
j
p J
d µ
st − C `edq
mpst
ep (ds q
j
t )− C(1)`equ
mpst
ep 
jk (qs,k ut),
− C(3)`equ
mpst
epσµν 
jk (qs,k σ
µνut), (A.39)
∆(6,B),jq,m = −CuH
mp
(H†H)up H˜j − CdH
mp
(H†H)dpHj − CuW
mp
σµν up τI H˜
jW Iµν − CdW
mp
σµν dp τI H
jW Iµν ,
− CuB
mp
σµν up H˜
j Bµν − CdB
mp
σµν dpH
j Bµν − CuG
pm
σµνupH˜
j TAG
A
µν − CdG
pm
σµνdpH
j TAG
A
µν
− C(1)Hq
mp
(H†i
←→
D µH)γ
µqjp − C(3)Hq
mp
(H†i
←→
D IµH)γ
µ τI q
j
p −
(
C
(1)
qq
mpst
+ C
(1)
qq
stmp
)
γµq
j
pJ
qµ
st −
(
C
(3)
qq
stmp
+ C
(3)
qq
mpst
)
γµτIq
j
pJ
q,I,µ
st ,
− C(1)`q
stmp
γµq
j
p J
`,µ
st − C(3)`q
stmp
γµτIq
j
pJ
`,I,µ
st − C qe
mpst
γµq
j
p J
e,µ
st − C(1)qu
mpst
γµq
j
p J
u,µ
st − C(8)qu
mpst
γµ TA q
j
p J
u,A,µ
st ,
− C(1)qd
mpst
γµq
j
p J
d,µ
st − C?`edq
stpm
(et`
j
s) dp − C(8)qd
mpst
γµ TA q
j
p J
d,A,µ
st − C(1)quqd
mpst
up 
jk (qs,kdt)− C(1)quqd
stmp
(qs,kut) 
kj dp,
− C(8)quqd
mpst
TA up 
jk(qs,k TA dt)− C(8)quqd
stmp
(qs,k TA ut)
kj TA dp − C(1)`equ
stmp
(`s,ket)
kjup − C(3)`equ
stmp
(`s,kσ
µνet)
kj σµν up.
(A.40)
There are additional corrections due to the B number violating operators of L(6). Defining these operators as
Qduq
prst
= αβρjk(dα,cp u
β
r )(q
ρ,c
s, j`t, k), Q qquprst = 
αβρjk(qα,cp,j q
β
r, k)(u
ρ,c
s et),
Q qqq
prst
= αβρjokl(qα,cp,j q
β
r, k)(q
ρ,c
s, l`t, o), Qduu
prst
= αβρ(dα,cp u
β
r )(u
ρ,c
s et), (A.41)
results in the EOM corrections of the following form
∆(6, /B)e,m = −αβρ
[
C?qqu
prso
jk(qβr,kq
α,c
p,j )u
ρ,c
s + C
?
duu
prsm
(uβr d
α,c
p )u
ρ,c
s
]
,
∆(6, /B)u,mρ = −αβρ
[
C?duq
pmst
jk(`
j
tq
β k,c
s )d
α,c
p + C
?
duu
prmt
(dα,cp u
β
r )
?ect + C
?
qqu
prmt
j k(qα,cp,j q
β
r,k)
?ect − C?duu
pmst
dα,cp (etu
β,c
s )
]
,
∆
(6, /B)
d,mρ = −ρβα
[
C?duq
mrst
j k(qα,cs,j `t, k)
? uβ,cr + C
?
duu
mrst
(uα,cs et)
? uβ,cr
]
, (A.42)
(here α, β, ρ are SU(3)c indices) and for the SU(2)L doublet fields
∆(6, /B),jq,m,ρ = −αβρ
(
C?qqu
pmst
jk(etu
β,c
s )q
α,c
p,k + C
?
qqu
mrst
jk(uβ,cs et)
?qα,cr,k + 
j
k
[
C?duq
prmt
`k,ct (d
α,c
p u
β
r )
? − C?qqq
prmt
lo`ct,o(q
α,c
p,l q
β,k
r )
?
])
,
− αβρjokl
[
C?qqq
mrst
qα,cr,k (q
β,c
s,l `t,o)
? − C?qqq
pmst
qα,cp,k (`t,lq
β,c
s,o )
]
, (A.43)
∆
(6, /B),j
`,m = −αβρ
(
C?duq
prsm
jk(uαr d
β,c
p ) q
ρ,c
s,k + C
?
qqq
prsm
jo kl(qαr,kq
β,c
p,o )q
ρ,c
s,l
)
. (A.44)
8The gauge field EOM corrections are
∆
(6)
B,µ = 2yH(H
†H)
 ∑
ψ=`,q
C
(1)
Hψ
pr
Jψ µpr +
∑
ψ=e,u,d
CHψ
pr
Jψ µpr +
CHD
2
H†i
←→
D µH
+ 2yH(H† τI H) ∑
ψ=`,q
C
(3)
Hψ
pr
Jψ I µpr ,
+
4CHB
g1
∂ν(H†H)Bν µ +
2CHWB
g1
[Dν , H†τH]IW Iν µ + 4CHB H
†H jµ +
2 g2
g1
CHWB (H
† τI H)JIµ,
+
4CHB˜
g1
∂ν
(
H†HB˜ν µ
)
+
2CHW˜B
g1
[Dν , H†τH]IW˜ Iν µ +
2CHW˜B
g1
[Dν , W˜ν µ]I H
†τ IH,
+
2
g1
(
∂νCνµe`B
pr
+ ∂ν C˜νµuqB
pr
+ ∂νCνµdqB
pr
)
, (A.45)
∆
I,(6)
W,µ = 2(H
† τ I H)
 ∑
ψ=`,q
C
(1)
Hψ
pr
Jψ µpr +
∑
ψ=e,u,d
CHψ
pr
Jψ µpr +
CHD
2
H†i
←→
D µH
+ 2 i IJK (H† τJ H) ∑
ψ=`,q
C
(3)
Hψ
pr
Jψ µprK ,
+ CHud
pr
(H˜† τ I H)(up γµdr) + C?Hud
pr
(H† τ I H˜)(dr γµup) +
4
g2
∂ν(H†H)(CHWW Iνµ + CHW˜ W˜
I
νµ),
+ 4CHW H
†H jIµ +
4CHW˜
g2
H†H
[
Dν , W˜νµ
]I
+
2
g2
∂ν
[
(H†τ IH)Bνµ CHWB + (H†τ IH) B˜νµ CHW˜B
]
,
+
2
g2
[
Dν , Cνµe`W
pr,I
]I
+
2
g2
[
Dν , CνµdqW
pr,I
]I
+
2
g2
[
Dν , C˜νµuqW
pr,I
]I
+ 2(H† τJ H)IJKWν K (CHWBBνµ + CHW˜BB˜νµ),
+
6CW
g2
IJK(∂γ(WµνJ W
νγ
K ) + g2RSKW
R
γνW
S
νµW
γ
J ) +
2CW˜
g2
IJK(∂γ(W˜ νγJ W
µν
K ) + g2RSJW˜
R
νγW
S
µνW
γ
K),
+
2CW˜
g2
IJK(∂γ(W˜µνJ W
γν
K ) + g2RSJW˜
S
µνW
R
νγW
γ
K) +
CW˜
g2
IJK γµρφ (∂
γ(W˜ ρνJ W
νφ
K ) + g2RSJW˜
S
νγW
R
ρνW
φ
K),
(A.46)
∆
A,(6)
G,µ =
4
g3
∂ν(H†H)(CHGGAνµ + CHG˜G˜
A
νµ) +
4
g3
H†H
(
CHG g3 j
A
µ + CHG˜
[
Dν , G˜νµ
]A)
,
+
2
g3
[
Dν , CνµdqG
pr,A
]A
+
2
g3
[
Dν , C˜νµuqG
pr,A
]A
+
6CG
g3
fABC(∂γ(GµνB G
νγ
C ) + g3fDECG
D
γν G
E
νµA
γ
B),
+
2CG˜
g3
fABC(∂γ(G˜νγB G
µν
C ) + g3fDEBG˜
D
νγ G
E
µν A
γ
C) +
2CG˜
g3
fABC(∂γ(G˜µνB G
γν
C ) + g3fDEBG˜
E
µν G
D
νγ A
γ
C),
+
CG˜
g3
fABC γµρφ (∂
γ(G˜ρνB G
νφ
C ) + g3fDEBG˜
E
νγ G
D
ρν A
φ
C). (A.47)
